Ten new labdane-type diterpenes were isolated from the fruit of Vitex rotundifolia L. (Verbenaceae), along with a known diterpene, vitexilactone. Their chemical structures were determined on the bases of spectroscopic data.
Vitex rotundifolia L. (Verbenaceae) is widely distributed in Asia, and its fruit, Viticis Fructus, is used as a folk medicine for headaches, colds, migraine, eyepain, etc. 1) During the course of our research on the constituents of the genus Vitex, we have investigated the diterpene constituents of V. trifolia L., 2) which is used as a substitute for the fruit of V. rotundifolia. In previous papers, [3] [4] [5] [6] we reported the isolation and structural elucidation of iridoids, phenylpropanoids, a flavanone, lignanes, a diterpene glycoside and diterpenoids in the MeOH extract of the fruit of V. rotundifolia. As part of the continuing study of this fruit, we now describe the isolation and structural elucidation of ten new labdane-type diterpenes (1-10), along with a known labdane-type diterpene, vitexilactone (11) 7) from the MeOH extract. The MeOH extract of the fruit of Vitex rotundifolia L. was purified by Diaion HP-20, silica gel, Sephadex LH-20 and Chromatorex ODS column chromatography, as well as by HPLC on ODS and silica gel to afford eleven labdane-type diterpenes (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) .
Compound 1 was obtained as a colorless syrup. The EI-MS of 1 indicated the same intense fragment ion peak at m/z 318 [MϪCH 3 COOH] ϩ as that of 11. The molecular formula of 1 was determined to be C 22 H 34 O 5 by HR positive FAB-MS. The 1 H-and 13 C-NMR spectra of 1 were superimposable on those of 11 apart from the chemical shifts of signals due to the olefinic group [d 7.13 (H-14), 135.0 (C-13), 144.0 (C-14) in 1; d 5.84 (H-14), 171.1 (C-13), 115.0 (C-14) in 11], which exhibited the replacement of a b-substituted butenolide ring in 11 by an a-substituted butenolide ring. 8) Furthermore, the difference NOE spectra of 1 indicated correlations between the respective protons, as illustrated in Fig. 2 . Consequently, 1 was elucidated to be (rel 5S,6R,8R,9R,10S)-6-acetoxy-9-hydroxy-13(14)-labden-16,15-olide.
Compound 2 was obtained as a colorless syrup, and its EI-MS showed the same dominant fragment ion peak at m/z 318 as those of 1 and 11. The 1 H-NMR spectrum was closely analogous to that of 1 except for the splitting patterns and chemical shifts of the signals due to H-5 (d 1.93, d, Jϭ11.5 Hz) and H-6 (d 5.08, ddd, Jϭ5.0, 11.5, 11.5 Hz). The 13 C-NMR spectrum was similar to that of 1, although the signals due to C-6, C-7, C-8, C-10, C-18 and C-20 were shifted by ϩ2.0, ϩ1.0, ϩ3.6, ϩ1.2, ϩ2.9 and Ϫ1.4 ppm , respectively. Furthermore, in the difference NOE spectra, NOEs were observed between H 3 -19 and H-6, as well as between H 3 -20 and H-6, instead of the NOE correlation between H 3 -18 and H-6 seen in 1, and other NOE correlations were the same as those of 1. Accordingly, 2 was defined as (rel 5S,6S,8R,9R,10S)-6-acetoxy-9-hydroxy-13(14)-labden-16,15-olide.
Compound 3 was obtained as a colorless syrup. The 1 H-NMR spectrum was similar to that of 1, with the exception that the signal due to a methoxyl group appeared at d 3.58, and the signal assignable to an H-15 disappeared. The EI-MS of 3 showed an intense fragment ion peak at m/z 348, which was 30 mass units [OCH 3 ϪH] larger than that of 1. These data suggested that 3 differed from 1 by the replacement of an H-15 in 1 by a methoxyl group. This suggestion was supported by the 13 C-NMR and difference NOE spectra. Comparing the 13 C-NMR spectrum of 3 with that of 1, the signals due to C-13 and C-15 in 3 were shifted downfield by 4.2 and 32.3 ppm, respectively, whereas signals due to C-1, C-14 and C-16 were shifted upfield by 1.6, 2.5 and 3.0 ppm, respectively, and the other carbon signals were quite similar to those of 1. The difference NOE spectra of 3 gave the same NOE correlations as those of 1. Consequently, 3 was elucidated to be (rel 5S,6R,8R,9R,10S)-6-acetoxy-9-hydroxy-15-methoxy-13(14)-labden-16,15-olide. However, the configuration of the methoxyl group at C-15 was not determined. H-and 13 C-NMR data of 4 with those of (rel 5S,6R,8R,9R, 10S,13S,15S,16R)-6-acetoxy-9,13;15,16-diepoxy-15,16-dimethoxylabdane (12) and (rel 5S,6R,8R,9R,10S,13S,15R, 16S)-6-acetoxy-9,13;15,16-diepoxy-15,16-dimethoxylabdane (13), which were previously isolated from this fruit, 6) led to the assumption that 4 is a derivative among of 12, 13 and C-13 epimers of 12 and 13, in which the methoxyl group at C-15 was replaced by a carbonyl group. In the difference NOE spectra of 4, NOEs were observed between the respective protons, as illustrated in Fig. 2 , while, no correlation between H-16 and H-12 was detected. Compound 4 was therefore defined as (rel 5S,6R,8R,9R,10S,13S,16S)-6-acetoxy-9,13-epoxy-16-methoxy-labdan-15,16-olide.
Compound 5 was obtained as a colorless syrup, and it was recognized as an isomer at C-13 and/or C-16 of 4 by the NMR data and EI-MS. In the difference NOE spectra of 5, correlations were as illustrated in Fig. 2 , which indicated the configurations of C-13 and C-16 to be R* and S*, respectively. Consequently, 5 was concluded to be the C-13 epimer of 4.
Compounds 6 and 7 were obtained as a colorless syrup. These compounds were determined to possess the same framework as those of 4 and 5, except for an exchange of the positions of the carbonyl group and methoxyl group by considering the EI-MS and NMR data. In the difference NOE spectra of 6, irradiation of the signal due to H 3 -17 gave an NOE enhancement of the signal due to Ha-14, whereas, in the case of 7, the NOE correlation between H 3 -17 and H-14 was not detected. The other NOE correlations of 6 and 7 were the same as those of 4. Furthermore, in the 1 H-NMR spectrum, the signal due to H 3 -17 of 7, which was deshielded by a carbonyl group, was observed downfield by 0.27 ppm compared with that of 6. The structures of 6 and 7 were therefore defined as (rel 5S,6R,8R,9R,10S,13S)-6-acetoxy-9,13-epoxy-15-methoxy-labdan-16,15-olide and (rel 5S,6R, 8R,9R,10S,13R)-6-acetoxy-9,13-epoxy-15-methoxy-labdan-16,15-olide, respectively. However, the configurations of the methoxyl groups at C-15 in 6 and 7 were not determined.
Compounds 8 and 9 were obtained as a colorless syrup, and 10 was obtained as colorless needles. Their EI-MS and NMR data indicated that 8-10 possess a common framework, differing only in the configurations of the methoxyl groups. Except for the absence of the acetoxy group, the 1 H-NMR spectra of 8, 9 and 10 were similar to those of 12, 13 and (rel 5S,6R,8R,9R,10S,13S,15R,16R)-6-acetoxy-9,13;15,16-diepoxy-15,16-dimethoxylabdane (14), 6) respectively. In particular, the signals due to two spiro-tetrahydrofuran rings were superimposable on those of 12, 13 and 14, respectively. Each difference NOE spectrum of 8, 9 and 10 gave an NOE correlation between H 3 -17 and Hb-14. In addition, the NOE correlation between Ha-12 and H-16 was observed in those spectra of 8 and 10, but in the case of 9, the NOE correlation was not detected. Accordingly, the structures of 8, 9 and 10 were defined as deacetoxy derivatives of 12, 13 and 14, respectively.
Although the absolute configurations of 1-10 have not been confirmed, they are probably the same as that of viteoside A (15), previously isolated from this fruit, 5) from a biogenetic point of view. Compounds 3-10 might be artifacts produced from aldehydes during the extraction and/or isolation procedures.
Experimental
The melting point was determined on a Yanagimoto micromelting point apparatus and are uncorrected. Optical rotations were measured with a JASCO DTP-1000 KUY digital polarimeter.
1 H-NMR spectra were recorded in CDCl 3 solution using a JEOL alpha 500 spectrometer at 500 MHz, and chemical shifts were given on a d (ppm) scale with tetramethylsilane (TMS) as an internal standard. 
